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Introduction {#ehf212730-sec-0004}
============

Coronary heart disease (CHD) is one of the leading causes of morbidity, mortality, and health‐care expenditures in the USA.[1](#ehf212730-bib-0001){ref-type="ref"} Although the prevalence of coronary artery disease is similar between Black and White patients,[2](#ehf212730-bib-0002){ref-type="ref"} outcomes following myocardial infarction (MI), or coronary intervention, that is, rehospitalization and mortality, are disproportionately higher in Black patients.[3](#ehf212730-bib-0003){ref-type="ref"}, [4](#ehf212730-bib-0004){ref-type="ref"}, [5](#ehf212730-bib-0005){ref-type="ref"}, [6](#ehf212730-bib-0006){ref-type="ref"}, [7](#ehf212730-bib-0007){ref-type="ref"}, [8](#ehf212730-bib-0008){ref-type="ref"} Although the disparities in heart disease and stroke risk are recognized, the pathophysiological mechanisms underlying this racial disparity are not clearly understood. This knowledge gap must be bridged to facilitate the development of possible treatments for precise and personalized therapy.[3](#ehf212730-bib-0003){ref-type="ref"}, [4](#ehf212730-bib-0004){ref-type="ref"}, [5](#ehf212730-bib-0005){ref-type="ref"}, [9](#ehf212730-bib-0009){ref-type="ref"}, [10](#ehf212730-bib-0010){ref-type="ref"} Black men and women have higher rates of cardiovascular (CV) morbidity and mortality than White men and women.[11](#ehf212730-bib-0011){ref-type="ref"} Further, there is also a racial disparity in the incidence of MI and the development of advanced heart failure (HF) post‐MI.[12](#ehf212730-bib-0012){ref-type="ref"} MI is a leading contributor to the development of HF, which is substantially more common in Black than White patients.[13](#ehf212730-bib-0013){ref-type="ref"}, [14](#ehf212730-bib-0014){ref-type="ref"}, [15](#ehf212730-bib-0015){ref-type="ref"} HF is the primary cause of hospitalization in the USA, accounting for 1--2% of our 3.3 trillion dollar health‐care expenditure. In total, CV disease is the number one cause of morbidity and mortality in the USA; approximately half of all adults have some type of CV disease like CHD, high blood pressure, obesity‐related cardiomyopathy, or HF.[2](#ehf212730-bib-0002){ref-type="ref"}

Lipid management is the primary focus of prevention and treatment of atherosclerotic CV disease.[16](#ehf212730-bib-0016){ref-type="ref"}, [17](#ehf212730-bib-0017){ref-type="ref"}, [18](#ehf212730-bib-0018){ref-type="ref"} Fatty acid‐derived bioactive lipid mediators define cardiac healing, repair, and inflammation--resolution mechanisms.[19](#ehf212730-bib-0019){ref-type="ref"}, [20](#ehf212730-bib-0020){ref-type="ref"}, [21](#ehf212730-bib-0021){ref-type="ref"}, [22](#ehf212730-bib-0022){ref-type="ref"} Preclinical and clinical studies suggest that pro‐inflammatory lipid mediators (prostaglandins and leukotrienes/thromboxanes) and cytokines are markers of non‐resolving inflammation.[23](#ehf212730-bib-0023){ref-type="ref"}, [24](#ehf212730-bib-0024){ref-type="ref"}, [25](#ehf212730-bib-0025){ref-type="ref"} In contrast, recent evidence indicates that immune responsive biosynthesis of resolving mediators \[specialized pro‐resolving mediators (SPMs)\] coincides with the expression of pro‐inflammatory mediators and that delineates leucocyte phenotypes in cardiac repair. This suggests that the acute inflammation directed resolution response is an active process of inflammation--resolution after injury, infection, or stress.[19](#ehf212730-bib-0019){ref-type="ref"}, [20](#ehf212730-bib-0020){ref-type="ref"}, [26](#ehf212730-bib-0026){ref-type="ref"} In clinical practice, for diagnosis and prognosis, lipids are classified into triglycerides, total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, and very low density lipoprotein (cholesterol) quantified based on the density of protein--lipid complex.[16](#ehf212730-bib-0016){ref-type="ref"} To better elucidate their pathological impact, a comprehensive assessment of bioactive lipid species at the peak of inflammation after an acute MI event is needed. In this report, we quantified lipid mediators of the cyclooxygenase and lipoxygenase (LOX) pathways using mass spectrometry (MS) to identify and quantify plasma SPMs in Black and White patients experiencing an acute MI event. Observational studies suggest that the incidence and prevalence of heart disease in Black individuals is higher due to lifestyle including the southern diet (fried and barbecue food), high dietary salt intake, and lack of physical activity.[27](#ehf212730-bib-0027){ref-type="ref"} Our findings suggest that targeted estimation of bioactive lipids SPM signature of cyclooxygenase and LOX pathways provided race‐specific and sex‐specific difference that may be suitable for prevention, prognostic, precise, and personalized therapy of heart disease management.

Methods {#ehf212730-sec-0005}
=======

Ethical compliance {#ehf212730-sec-0006}
------------------

The PRiME‐GGAT (Pharmacogenomic Resource to improve Medication Effectiveness Genotype Guided Antiplatelet Therapy) is a prospective cohort study conducted under the approval of the Institutional Review Board of the University of Alabama at Birmingham.

Study design and patient inclusion criteria {#ehf212730-sec-0007}
-------------------------------------------

Patients (≥18 years old) admitted for acute coronary syndrome (ACS; *Figure* [*1*](#ehf212730-fig-0001){ref-type="fig"} *(A)*) who underwent percutaneous coronary intervention (PCI) were enrolled at the time of the ACS admission. Plasma was obtained within 24 h of the PCI. ACS was defined as a spectrum of clinical presentations ranging from occlusion of the coronary artery causing ST‐segment elevation MI (STEMI) to a significant compromise of blood flow presenting as non‐ST‐segment elevation MI or unstable angina. A structured case report form was used to record patients\' demographics (age, sex, and race), lifestyle (e.g. smoking), socio‐economic status (SES; annual income, educational attainment, and health insurance), CV risk factors, and co‐morbidities. Serum creatinine at admission was used to calculate the estimated glomerular filtration rate using the Modification of Diet in Renal Disease formula.[28](#ehf212730-bib-0028){ref-type="ref"} Other laboratory parameters included troponin I (TnI), haematocrit, haemoglobin (Hb), platelets, leucocytes (including neutrophils, lymphocytes, monocytes, eosinophils, and basophils), alkaline phosphatase, alanine transaminase, aspartate transaminase, glycated haemoglobin (HbA1C), total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. Vital signs (e.g. blood pressure and heart rate) at time of PCI, PCI status (urgent or elective), indication for PCI, access site, coronary artery lesion location, peri‐PCI antiplatelet use, contrast volume, number of coronary arteries with ≥70% stenosis, and number and type of stents implanted were documented. Plasma samples from 53 patients with STEMI were used to comprehensively assess the lipidomic profile (*Figure* [*1*](#ehf212730-fig-0001){ref-type="fig"} *(A)* and *(B)*). To establish signatures of inflammation and non‐resolving lipid metabolites, parent essential polyunsaturated fatty acids, such as arachidonic acid (AA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA), were measured.

![(A) Study design for biochemical and lipidomics profiling of 53 ST‐segment elevation myocardial infarction (STEMI) patients: Black (*n* = 15 men and 7 women) and White (*n* = 23 men and 8 women) patients with outcome parameters that are collected as a routine procedure of an acute myocardial infarction (MI) event. (B) Lipidomics workflow illustrates plasma lipid mediators extraction and unique identification of bioactive lipid mediators based on mass by the charge to ratio using mass spectrometry. Black, African American; LC‐MS, liquid chromatography--mass spectrometry; TG, triglycerides; White, European American.](EHF2-7-1700-g001){#ehf212730-fig-0001}

Analytical standard and plasma sample preparation using solid phase extraction {#ehf212730-sec-0008}
------------------------------------------------------------------------------

All chemicals and lipid standards were analytical and MS grade. Aliquots of 50 μL human plasma were mixed with 5 μL deuterated internal standard mixture before loading onto 96‐well solid phase extraction cartridges (30 mg, HLB, Waters, Milford, MA, USA), which had been preconditioned with 1 mL MeOH and 1 mL water sequentially; 1.5 mL of 5% methanol was used to wash out the unbounded interferences. Elution was carried out with 1.2 mL of methanol, and eluents were dried under nitrogen and reconstituted with 50 μL of 50% methanol as described previously.[29](#ehf212730-bib-0029){ref-type="ref"}

Liquid chromatography--mass spectrometry analyses {#ehf212730-sec-0009}
-------------------------------------------------

A Vanquish UHPLC coupled with a Quantiva triple quadrupole mass spectrometer (Thermo Fisher Scientific, Haverhill, MA, USA) was used for liquid chromatography multiple reaction monitoring mass spectrometry analysis. A HSS T3 column(100 × 2.1 mm, 1.8 μm, Waters) with T3 VanGuard precolumn (5 × 2.1 mm, 1.8 μm, Waters) was employed for separation of analytes. The column was thermostated at 40°C. The mobile phase was composed of Solvent A \[0.1% formic acid (FA) in H~2~O\] and Solvent B (0.1% FA in acetonitrile). Gradient elution was used for 12 min at a flow rate of 0.3 mL/min. Detailed gradient conditions were as reported previously.[29](#ehf212730-bib-0029){ref-type="ref"} A 10 μL aliquot of each sample was injected onto column for analysis. The effluent was monitored with the Quantiva mass spectrometer in negative ion mode. The detailed operation parameters for the mass spectrometer and the transition list for the scheduled multiple reaction monitoring were described previously.[29](#ehf212730-bib-0029){ref-type="ref"}

Multiple reaction monitoring data processing {#ehf212730-sec-0010}
--------------------------------------------

Liquid chromatography multiple reaction monitoring datasets were processed with TraceFinder 4.1, and the auto‐integrated peaks were inspected manually. The calibration curves of each analyte were constructed by normalizing to the selected ISTD followed by linear regression with 1/x weighting. Absolute concentration of analyte in each sample was calculated from the calibration curves.[29](#ehf212730-bib-0029){ref-type="ref"}

Statistical analyses {#ehf212730-sec-0011}
--------------------

Data are expressed as mean and standard error of the mean, and analyses of variance were used to assess differences at a bidirectional *P*‐value of ≤0.05. Statistical analyses were performed using Microsoft Excel for pie charts and GraphPad Prism 8 for the graphs.

Results {#ehf212730-sec-0012}
=======

Demographics of patients with myocardial infarction without signs of sex‐based and race‐based differences between Black and White patients {#ehf212730-sec-0013}
------------------------------------------------------------------------------------------------------------------------------------------

Baseline characteristics for Black and White patients with confirmed acute MI who underwent PCI are shown in *Table* [1](#ehf212730-tbl-0001){ref-type="table"}. There was no statistical difference between Black and White patients with regard to age, body mass index, and laboratory parameters including estimated glomerular filtration rate, alkaline phosphatase, alanine transaminase, aspartate transaminase, and HbA1C. Furthermore, there was no statistical difference between Black and White patients in maximum TnI pre‐PCI and post‐PCI (*P* = 0.12 and *P* = 0.83, respectively; *Table* [1](#ehf212730-tbl-0001){ref-type="table"}), suggesting a similar extent of cardiac injury. Among Black patients, women had a higher pre‐PCI (*P* = 0.043) TnI but also had the longest time to the collection, which may explain the higher numbers. Plasma cholesterol carrier lipids showed that there was no statistical difference in total cholesterol, HDL, LDL, and triglycerides at baseline between Black and White female and male patients. Furthermore, there were no differences in leucocytes such as monocytes, eosinophils, basophils, lymphocytes, and neutrophils between race and sex subgroups (*Figure* [*2*](#ehf212730-fig-0002){ref-type="fig"} *(A)* and *(B)*), suggesting that current clinical laboratory assessments are inadequate to explain race disparities and sex‐specific differences.

###### 

Race‐based and sex‐based differences in haematological and biochemical parameters in Black and White patients after myocardial infarction

  Variable                           Black            White            Black vs. White *P*‐value                                                
  ---------------------------------- ---------------- ---------------- --------------------------- ----------------- ----------------- -------- --------
  Age, years                         56.71 ± 7.43     56.60 ± 9.46     0.98                        51.13 ± 13.13     60.78 ± 11.03     0.0306   0.83
  BMI, kg/m^2^                       30.71 ± 6.40     28.20 ± 5.13     0.29                        26.88 ± 3.14      29.61 ± 5.15      0.20     0.44
  eGFR, mL/min/1.73 m^2^             79.14 ± 25.68    77.30 ± 37.93    0.89                        89.08 ± 37.49     71.83 ± 17.69     0.15     0.80
  HCT, %                             40.14 ± 3.08     43.93 ± 5.62     0.10                        41.00 ± 3.12      45.30 ± 5.46      0.0410   0.47
  Hb, g/dL                           13.09 ± 1.01     14.42 ± 1.88     0.08                        13.88 ± 1.23      15.17 ± 1.69      0.057    0.13
  Platelets, 10^9^/L                 264.86 ± 57.09   260.13 ± 69.90   0.87                        272.13 ± 71.69    220.83 ± 58.04    0.055    0.42
  Total chol, mg/dL                  174.00 ± 31.84   194.91 ± 47.42   0.42                        186.57 ± 54.04    192.00 ± 55.05    0.80     0.77
  Triglycerides, mg/dL               94.33 ± 16.61    94.64 ± 77.25    0.99                        152.25 ± 109.58   125.89 ± 96.51    0.49     0.14
  HDL, mg/dL                         39.17 ± 5.81     44.73 ± 8.65     0.28                        42.75 ± 14.24     38.56 ± 9.69      0.33     0.70
  LDL, mg/dL                         123.83 ± 33.84   122.36 ± 37.52   0.95                        123.25 ± 59.26    129.00 ± 43.54    0.76     0.84
  Alk_Phos, U/L                      84.00 ± 22.05    75.71 ± 15.98    0.55                        83.33 ± 13.29     72.29 ± 30.22     0.35     0.82
  ALT, U/L                           31.00 ± 18.55    24.29 ± 24.64    0.86                        109.40 ± 160.96   46.59 ± 44.36     0.08     0.0561
  AST, U/L                           79.00 ± 64.63    59.86 ± 99.62    0.83                        186.17 ± 299.59   82.71 ± 124.42    0.17     0.26
  Hb_A1C, %                          6.66 ± 1.61      6.48 ± 2.18      0.81                        5.74 ± 0.99       6.51 ± 1.32       0.24     0.38
  max_TnI_pre_PCI, units/L           13.64 ± 21.01    3.76 ± 7.88      0.0433                      2.88 ± 5.61       4.48 ± 7.97       0.71     0.12
  max_TnI_post_PCI, units/L          63.47 ± 50.39    108.73 176.60    0.54                        41.33 ± 48.60     152.35 ± 187.25   0.094    0.83
  Neu_base, 10^9^/L                  64.00 ± 15.94    68.50 ± 12.96    0.47                        66.83 ± 9.35      64.19 ± 12.46     0.66     0.86
  Abs Neu, 10^9^/L                   9.88 ± 5.95      7.83 ± 2.69      0.19                        7.70 ± 2.40       6.66 ± 2.39       0.49     0.13
  Lymph pre, 10^9^/L                 28.00 ± 14.05    22.33 ± 10.48    0.28                        19.33 ± 10.09     25.00 ± 10.41     0.27     0.42
  Monocytes, 10^9^/L                 6.57 ± 2.15      7.67 ± 2.67      0.40                        7.83 ± 3.19       8.52 ± 2.71       0.58     0.24
  Eosinophils, 10^9^/L               1.00 ± 1.15      1.00 ± 0.85      0.99                        1.83 ± 1.47       1.62 ± 1.32       0.70     0.078
  Basophils, 10^9^/L                 0.14 ± 0.38      0.75 ± 0.62      0.0361                      0.83 ± 0.41       0.67 ± 0.66       0.54     0.13
  Neu_post_PCI, 10^9^/L              69.57 ± 15.59    67.50 ± 12.57    0.69                        73.38 ± 9.40      74.68 ± 8.63      0.77     0.11
  AbsNeu_post_PCI, 10^9^/L           10.23 ± 5.67     6.54 ± 2.84      0.077                       7.72 ± 2.42       10.01 ± 5.26      0.22     0.73
  Lymph_post_PCI, 10^9^/L            21.71 ± 12.85    20.21 ± 8.09     0.70                        17.75 ± 5.75      14.95 ± 7.35      0.42     0.078
  Time to collection, in h post‐MI   37.73 ± 10.34    21.52 ± 8.20     0.0008                      21.45 ± 5.805     23.531 ± 10.76    0.60     0.0209
  Socio‐economic status                                                                                                                         
  Income                                                               0.99                                                            0.34     0.09
  ≥50,000                            1 (16.7%)        2 (18.2%)                                    1 (20.0%)         8 (50.0%)                  
  \<50,000                           5 (83.3%)        9 (81.8%)                                    4 (80.0%)         8 (50.0%)                  
  Insurance                                                            0.65                                                            0.58     0.04
  Medicaid/no insurance              2 (28.6%)        7 (46.7%)                                    2 (25.0%)         3 (13.0%)                  
  Private/Medicare                   5 (71.4%)        8 (53.3%)                                    6 (75.0%)         20 (87.0%)                 
  Education                                                            0.99                                                            0.09     0.45
  ≥High school                       7 (100%)         13 (86.7%)                                   5 (62.5%)         21 (91.3%)                 
  \<High school                      0                2 (13.3%)                                    3 (37.5%)         2 (8.7%)                   

Alk_Phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; chol, cholesterol; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; Hb_A1C, haemoglobin A1c; HCT, haematocrit; HDL, high density lipoprotein; LDL, low density lipoprotein; Lymph, lymphocytes; Neu, neutrophils; PCI, percutaneous coronary intervention; post‐MI, post‐myocardial infarction; TnI, troponin I; U, units.

Values are mean ± standard error of the mean; *n* indicates sample size/group. Income information was missing in 15 patients.

![(A) Distribution of neutrophils, platelets, and troponin in Black and White male and female patients during acute myocardial infarction event (24--48 h; mean 37.73 h post‐myocardial infarction). (B) An absolute number of neutrophils, platelets, and troponin concentration by race/ethnicity and sex. Black, African American; PCI, percutaneous coronary intervention; White, European American.](EHF2-7-1700-g002){#ehf212730-fig-0002}

White patients showed higher n‐6 and n‐3 fatty acid concentrations compared with Black patients after an acute myocardial infarction event {#ehf212730-sec-0014}
------------------------------------------------------------------------------------------------------------------------------------------

Circulating fatty acids exclusively depend on personnel dietary fat intake and are critically important for the incident of CV disease and mortality.[30](#ehf212730-bib-0030){ref-type="ref"}, [31](#ehf212730-bib-0031){ref-type="ref"} IMPROVE pan‐European cohort and JELIS trial established that systemic levels of omega‐6 and omega‐3 fatty acids are associated with reduced future CV events.[17](#ehf212730-bib-0017){ref-type="ref"}, [32](#ehf212730-bib-0032){ref-type="ref"} Thus, to determine the racial and sex‐specific difference between fatty acids in White and Black patients with STEMI, we measured 3 fatty acids (substrate) and 40 related lipid metabolites (mediators and products) along with the parent fatty acids (Supporting Information, *Table* [*S1*](#ehf212730-supitem-0002){ref-type="supplementary-material"} and Supporting Information, *Figure* [*S1*](#ehf212730-supitem-0001){ref-type="supplementary-material"}).

Comparing the overall distribution of the three major fatty acids, AA was highest in concentration followed by DHA and EPA, demonstrating the dominance of omega‐6 fatty acids among White and Black patients with no significant differences by race and sex observed in AA (*Figure* [*3*](#ehf212730-fig-0003){ref-type="fig"} *(A)*; *P* = 0.098). The pie chart (*Figure* [*3*](#ehf212730-fig-0003){ref-type="fig"} *(A)*) shows that the highest levels of AA were present in White female patients (85%), while White male patients showed 82% AA, followed by Black male and female patients having 81%, respectively. The MS data revealed that the levels of species of AA (upper limit of 6027 ng/mL vs. 4643 ng/mL) were higher than DHA (1761 ng/mL vs. 799 ng/mL) and EPA (210 ng/mL vs. 82 ng/mL) in White male patients compared with Black male patients. No differences were observed among female patients (*Figure* [*3*](#ehf212730-fig-0003){ref-type="fig"} *(B)*). MS spectra indicated the peaks of AA, DHA, and EPA in White (male and female) and Black (male and female) population (*Figure* [*3*](#ehf212730-fig-0003){ref-type="fig"} *(C)*). Quantitative analyses confirmed that White male patients had a higher relative trend of circulating levels of AA, DHA, and EPA compared with White female, Black male, and Black female patients.

![Plasma polyunsaturated fatty acids vary between Black and White patients after an acute myocardial infarction (MI) event. (A) Distribution of percentage of essential polyunsaturated fatty acids such as arachidonic acid (AA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA) in Black and White quantified by targeted lipidomics analyses post‐MI (24--48 h). (B) Quantitative levels of AA, DHA, and EPA in Black and White participants post‐MI (24--48 h; mean: 37.73 post‐MI). (C) Representative mass spectrometry spectra display the peaks of AA, DHA, and EPA in Black (male and female) and White (male and female) participants. The black arrow indicates the precise peak of fatty acid. Black, African American; White, European American.](EHF2-7-1700-g003){#ehf212730-fig-0003}

White male patients experience marked activation of 12‐hydroxyeicosatetraenoic acid levels during an acute myocardial infarction event {#ehf212730-sec-0015}
--------------------------------------------------------------------------------------------------------------------------------------

In response to immune activation events like MI, particularly, 12 LOX metabolizes fatty acids AA, DHA, and EPA to differential bioactive lipid metabolites.[20](#ehf212730-bib-0020){ref-type="ref"}, [33](#ehf212730-bib-0033){ref-type="ref"} We therefore tested racial and sex‐associated differences in lipid signatures with respect to essential fatty acids AA, DHA, and EPA. First, we classified the distribution pattern of hydroxyeicosatetraenoic acids (HETEs), hydroxydocosahexaenoic acids (HDHAs), and hydroxyeicosapentaenoic acids (HEPEs). Second, we categorized HETEs, HDHAs, and HEPEs to describe the respective metabolites from AA, DHA, and EPA, respectively. Third, we classified single bioactive lipid mediators for AA (pink‐red), DHA (light‐dark green), and EPA (light‐dark blue) and decoded in the pie chart (*Figure* [*4*](#ehf212730-fig-0004){ref-type="fig"} *(A)*). The 12‐HETE level was the highest among HETEs, HDHAs, and HEPEs. Both White men (63%) and women (47%) had a higher proportion of 12‐HETE compared with Black men (29%) and women (33%). In contrast, 17‐HDHA distribution was lower in White individuals compared with Black individuals (*Figure* [*4*](#ehf212730-fig-0004){ref-type="fig"} *(A)*). The graphs and MS spectra showed that the upper limit for 12‐HETE in White male patients was 1365 ng/mL vs. 72 ng/mL compared with Black male patients with no major differences in the concentrations of pro‐inflammatory mediators (leukotriene B4 and prostaglandins), and pro‐resolving mediators 17‐HDHA and 14‐HDHA (*Figure* [*4*](#ehf212730-fig-0004){ref-type="fig"} *(B)* and *(C)*; Supporting Information, *Figures* [*S2*](#ehf212730-supitem-0001){ref-type="supplementary-material"} and [*S3*](#ehf212730-supitem-0001){ref-type="supplementary-material"}). Thus, targeted and quantitative measurement of 12 LOX‐derived monohydroxy lipid mediators of AA, DHA, and EPA allowed us to define a differential lipidomic milieu in Black and White patients in an acute MI event.

![Arachidonic acid‐derived 12‐HETE is a highly responsive bioactive lipid signature in White participants after a myocardial infarction (MI) event (24--48 h; mean: 37.73 post‐MI). (A) Distribution of bioactive lipid mediators for arachidonic acid (HETEs: pink‐red), docosahexaenoic acid (HDHAs: light‐dark green), eicosapentaenoic acid (HEPEs: light--dark blue) between Black and White subjects after an MI event within 24--48 h quantified by liquid chromatography--mass spectrometry. (B) Quantified levels in ng/mL of 12‐HETE, 17‐HDHA, and 14‐HDHA in Black and White patients within 24--48 h post‐MI. (C) Representative mass spectrometry spectra displays the peaks of 12‐HETE, 17‐HDHA, and 14‐HDHA in Black (male and female) and White (male and female) participants. HEPE, hydroxyeicosapentaenoic acids; HETE, hydroxyeicosatetraenoic acid; HDHA, hydroxydocosahexaenoic acid. Black, African American; White, European American.](EHF2-7-1700-g004){#ehf212730-fig-0004}

White and Black patients have distinct specialized pro‐resolving mediator signatures during an acute myocardial infarction event {#ehf212730-sec-0016}
--------------------------------------------------------------------------------------------------------------------------------

After MI, the immune system is known to be activated, but the precise pattern of bioactive lipid mediators in the circulation mostly produced by cells of the immune system remains poorly characterized. Thus, we next characterized the liquid chromatography--mass spectrometry profile of fatty acids (AA, DHA, and EPA) targeted lipid mediators endogenously produced by immune cells in our STEMI patients. Biosynthesis of SPMs occurs within 24 h of an acute MI. We determined whether there are racial differences in the fatty acids‐derived bioactive SPM signature. Liquid chromatography with tandem mass spectrometry data revealed that the White population has significantly higher levels of resolvin E1 (RvE1; 34% in men and 36% in women) compared with the Black population (21% in men and 9% in women). In contrast, Black patients had higher levels of protectin D1 (37% in men and 33% in women) compared with White patients (14% in men and 16% in women; *Figure* [*5*](#ehf212730-fig-0005){ref-type="fig"} *(A)*), indicating that the White and Black patients have distinct SPM signatures following MI. The upper limit of plasma RvE1 was 0.099 ng/mL in White male patients compared with 0.058 ng/mL in Black male patients. Similarly, in White female patients, the upper limit of RvE1 was 0.095 ng/mL compared with 0.026 ng/mL in Black female patients. Plasma protectin D1 was higher in Black male patients than in White male patients (upper limit 0.391 ng/mL vs. 0.131 ng/mL) with no major differences in female patients irrespective of race (*Figure* [*5*](#ehf212730-fig-0005){ref-type="fig"} *(B)*). The black arrow in the MS spectra showed peaks of RvE1 and protectin D1, respectively (*Figure* [*5*](#ehf212730-fig-0005){ref-type="fig"} *(C)* **)**. Thus, the quantitative measurement of SPMs in Black and White patients provided personalized and precise distinct signatures of inflammation and resolution after an acute MI event.

![Plasma specialized pro‐resolving mediator signatures are distinct in Black and White patients during acute myocardial infarction (MI) events. (A) Distribution of resolvin E1 (RvE1) and protectin D1 among Black and White male and female participants within 24--48 h (mean: 37.73 h) post‐MI determined by mass spectrometry. (B) Plasma quantitative levels and representative mass spectrometry spectra of RvE1 and protectin D1 in Black and White male and female patients. The black arrows indicate the precise peak of a specialized pro‐resolving mediator signature. (C) Summary figure illustrating overall changes in bioactive lipids signature in Black and White patients. Black, African American; White, European American.](EHF2-7-1700-g005){#ehf212730-fig-0005}

Discussion {#ehf212730-sec-0017}
==========

Black patients are prone to a variety of CV diseases at an early age and develop long‐term chronic disease with disease manifesting at an earlier age, higher severity, and poorer long‐term outcomes. Despite these differences, medical management is generally agnostic of race. Perhaps understanding quantitative differences in prognostic and/or predictive biomarkers could facilitate the development of race‐specific personalize therapies.[3](#ehf212730-bib-0003){ref-type="ref"}, [4](#ehf212730-bib-0004){ref-type="ref"}, [5](#ehf212730-bib-0005){ref-type="ref"}, [34](#ehf212730-bib-0034){ref-type="ref"} In the present report, we quantify the essential fatty acids and define the possible immune responsive SPM signatures in patients undergoing PCI after an acute STEMI event. We also examined the bioactive lipid mediators because these serve as molecular messengers derived from AA, DHA, and EPA and act as necessary initiators of early inflammation and resolution pathways.[26](#ehf212730-bib-0026){ref-type="ref"}, [33](#ehf212730-bib-0033){ref-type="ref"}, [35](#ehf212730-bib-0035){ref-type="ref"} We have three key findings: (i) heterogeneous activation of fatty acids; (ii) profound expansion of monohydroxyl fatty acids such as 12‐HETE, 14‐HDHA, and 17‐HDHA; and (iii) distinct increase of SPM signature in Black and White patients, particularly higher RvE1 in White male patients compared with Black male patients.

Inflammation is the hallmark of cardiac injury post‐MI. During this period, prior to troponin (clinical biomarker) release, biosynthesis of inflammatory‐resolving lipid mediators involved in the resolution (safe clearance of inflammation) that limits chronic inflammation.[19](#ehf212730-bib-0019){ref-type="ref"}, [36](#ehf212730-bib-0036){ref-type="ref"} Before troponin markers, leucocyte‐directed SPMs are immune responsive polyunsaturated fatty acids‐derived biomolecules generated within a narrow time window after the cardiac injury that initiate resolution of inflammation.[20](#ehf212730-bib-0020){ref-type="ref"}, [36](#ehf212730-bib-0036){ref-type="ref"} Deficiency of SPMs associated with monocyte/macrophage depletion or in obesogenic ageing leads to non‐resolving inflammation.[20](#ehf212730-bib-0020){ref-type="ref"}, [37](#ehf212730-bib-0037){ref-type="ref"} Ethyl EPA lowered the risk of MI events, stroke, and overall CV death by 25% in patients with hypertriglyceridaemia in the REDUCE‐IT trial and by 19% in the JELIS trial, suggesting preventive therapy.[17](#ehf212730-bib-0017){ref-type="ref"}, [18](#ehf212730-bib-0018){ref-type="ref"} Also, high levels of EPA reduced the risk of HF observed in the MESA trial, and acute administration of high doses of omega‐3 fatty acids increased the SPM signature in patients with evidence of peripheral artery disease in the OMEGA‐PAD I trial.[38](#ehf212730-bib-0038){ref-type="ref"}, [39](#ehf212730-bib-0039){ref-type="ref"}, [40](#ehf212730-bib-0040){ref-type="ref"} Higher levels of EPA‐derived RvE1 in White men and women indicative of increased specific SPM signature after an MI event provide a rationale for personalized and precise medicine in CV therapy. SPMs RvD1 and RvE1 facilitate cardiac repair and clearance of neutrophils in the setting of ischaemic insult, suggesting the possibility of a precise and personalized treatment strategy if SPMs biosynthesis failed due to deficiency of substrate or LOXs activity. Early treatment with RvE1 or D1 supports cardiac healing by clearing inflammation in an ischaemic mouse model.[41](#ehf212730-bib-0041){ref-type="ref"}, [42](#ehf212730-bib-0042){ref-type="ref"} Thus, selective measurement of SPM signature supports the overlapping concept of inflammation and resolution and help to prognosticate the resolution and non‐resolving inflammation in CV medicine. Time‐dependent cardiac repair in pathogen and risk‐free rodents clearly suggests that the timing of the acute inflammatory phase coincides with the beginning of the resolving phase, to the same extent as MI patients biosynthesize resolution molecules within 2.5 h as the onset of initial inflammation post‐MI.[20](#ehf212730-bib-0020){ref-type="ref"}, [33](#ehf212730-bib-0033){ref-type="ref"}, [36](#ehf212730-bib-0036){ref-type="ref"} Thus, beginning of acute inflammation‐resolution programmes the termination of inflammatory response after cardiac injury of acute inflammation programmes the beginning of inflammatory resolution after cardiac injury.[43](#ehf212730-bib-0043){ref-type="ref"} A previous report indicates that SPMs levels in atheroma define the stable and unstable milieu, providing the rationale for precise and personalized therapy for atherosclerotic patients.[44](#ehf212730-bib-0044){ref-type="ref"}

Lipid profiling is commonly used for diagnosis and in such prevention in CV medicine; however, patient stratification based on LDL and HDL levels has the limited biological significance, as it does not account for lipid and protein carrier physiology after injury. Our report defines the specific immune responsive species such as AA, DHA, and EPA in the setting of STEMI. Recently published temporal analyses of SPMs at the onset of and at Day 1 and Day 8 post‐MI define the differential signatures of 5, 12, and 15 LOX‐derived mediators post‐MI.[36](#ehf212730-bib-0036){ref-type="ref"} The docosapentaenoic acid metabolome is one of the major fatty acids in the plasma lipidome that facilitates biosynthesis of T‐series resolvins and reduces the risk of CV disease.[45](#ehf212730-bib-0045){ref-type="ref"} Amplified pro‐inflammatory markers are signs of an acute inflammatory response, despite detectable levels of HETEs in all samples, limited pro‐inflammatory lipid species that noted despite race‐based and sex‐based differences. Thus, SPMs are unique diagnostic and prognostic signatures that allowed us to define the initiation of resolution independent of pro‐inflammatory lipid mediators.

Study strengths {#ehf212730-sec-0018}
---------------

This report quantified individual fatty acids and respective lipid mediators within a 24--48 h window after an MI event. Within the heterogeneity of risk factors and severity of MI events, race‐based and sex‐based SPM signatures can potentially provide additional stratification.

Study limitations {#ehf212730-sec-0019}
-----------------

Our study has limitations; our data are from a single academic centre and a single time point with a limited sample size with heterogeneous CV risk profiles and severity of the myocardial damage from the infarction. Although the inclusion of healthy controls could have allowed us to assess SPM signatures in patients with stable CHD, based on current evidence, we expect these to be below the level of detection or low abundance in the absence of infarction. Measured SPM signatures vary based on dietary fatty acids, marine oils‐based supplements, co‐medications (e.g. aspirin), the magnitude of infarction (minor, major, or massive), or ageing. We did not have data on diet or over‐the‐counter medications and recognize that these factors need to be considered in interpreting levels of lipid mediators in plasma of the individual patient.[37](#ehf212730-bib-0037){ref-type="ref"}, [46](#ehf212730-bib-0046){ref-type="ref"}, [47](#ehf212730-bib-0047){ref-type="ref"}, [48](#ehf212730-bib-0048){ref-type="ref"} The influence of SES on CV disease is widely recognized. Although we collected information on education, income, and health insurance, we could not stratify by SES due to the small sample size. The differences in SPM signatures need to be replicated in independent patient cohorts.

In conclusion, this study identified the race‐based and sex‐based SPM signatures following an acute MI event. These data show a distinct signature of SPMs species in Black and White post‐MI patients highlighting differences in pathophysiology. Understanding these differences can facilitate tailoring of HF medical management and provide precision medicine. This study in humans confirms data from rodent studies demonstrating the overlapping timeline of inflammation and resolution following cardiac injury and highlights the importance of these processes for cardiac repair after an MI event. Assessment of SPM signatures may support the development of prognostic and diagnostic tools enabling quantification of resolution potential.
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**Figure S1.** Overlaid total ion chromatograms for selected samples

**Figure S2.** Quantitative levels of 12‐HEPE and representative MS Spectra peaks in black and white patients after an MI event.

**Figure S3.** Quantified levels in ng/ml of proinflammatory lipid mediators (A) 5‐iso‐PGF2α VI (B) dhk‐PGF2α (C) 6 k‐PGE1 (D) TxB3 (E) TxB~2~ (F) LTB~4~ in black and white patients within 24--48 h post‐MI.
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**Table S1.** List of liquid chromatography retention time and multiple reaction monitoring transitions for 3 fatty acids and differential 40 lipid mediators.
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